Abstract In recent years, hygienic handling of fishery waste is demanded owing to the fact that the fishery waste is an ideal raw material for the preparation of bioactive compounds. In the present study, the effect of pre-processing storage (at 4 ± 2°C) of whole tilapia waste (WTW) on the properties of its protein hydrolysate derived using pepsin was evaluated. Fish protein hydrolysates (FPH) were prepared from 0, 24 and 48 h old ice stored WTW and designated as FPH-0, FPH-1, and FPH-2, respectively. Total amino acids, total essential amino acids and total hydrophobic amino acids of FPH samples increased with the storage period of raw material (WTW). Antioxidant activities such as DPPH (2, 2 diphynyl-1-picrylhydrazyl) free radical scavenging activity and ferric reducing power of FPH samples were dose dependent. FPH-0 had better antioxidant properties including linoleic acid peroxidation inhibition activity than FPH-1 and FPH-2. The DNA nicking assay revealed the protective effect of FPH preparations against Fenton's reaction mediated oxidative damage. FPH-2 had better emulsifying properties and foaming stability whereas the FPH-0 had relatively good foaming capacity. SDS-PAGE indicated the presence of peptides ranging from 116 to \ 14.4 kDa in FPH-0 and less than 18 kDa in FPH-1 and FPH-2. The present study, clearly demonstrated that whole tilapia waste can effectively be converted to FPH and could be a potential ingredient in functional food and as a rich source of highquality protein in animal feed formulations.
Introduction
Worldwide, fish protein hydrolysate (FPH) is one of the most researched fish products of the last decade. The greater attention emerging towards FPH is due to their bioactive properties and growing global market of nutraceuticals and functional food products. All over the world, governing bodies are strictly enforcing laws and regulations on aquatic food processing industries for appropriate disposal of waste to protect the environment. This necessitated proper management and better utilization of fish processing waste which comprises of head, skin, trimmings, fins, frames and viscera (Dekkers et al. 2011) . The aforementioned causes and the ease of production process together boosted FPH production from fish processing waste. The use of FPH could be as a functional ingredient in health food formulations, as feed supplements for animals or as ingredients in microbiological media (Fallah et al. 2015) .
Among the cultured fish species, tilapia is the most widespread and well adapted to different farming techniques and climate conditions. Tilapia production has increased in the recent past and the global tilapia production has been projected to reach about 7.3 MT by 2030 (World Bank Report 2013) . At present, in developing countries like India, government encourages fish farmers to farm tilapia, in particular, GIFT (Genetically Improved farmed Tilapia). GIFT is expected to have high export potential to the US, African countries and also to Japan. The major form of processed tilapia is fillet and the filleting operation yields 30-40% edible meat and produces 60-70% of the initial raw material as waste (Clement and Lovell 1994) .
Different FPH preparations such as FPH from tilapia byproducts (head, frames, and tail) obtained by using alcalase (Roslan et al. 2014) , alkaline-treated tilapia muscle hydrolysates using Cryotin F, Protease A Amano, Protease N Amano, Flavourzyme, and Neutrase (Raghavan and Kristinsson 2008) , tilapia protein isolate hydrolysate using alcalase, flavourzyme, papain, protamex by one and twostep hydrolysis, have been reported for their antioxidant properties (Yarnpakdee et al. 2015) . Antioxidant properties studied were radical scavenging, reducing power and lipid peroxidation inhibition. Antioxidant properties of FPH have been gaining importance as the long term use of synthetic antioxidants in the food system has raised certain health concerns and there is a continuous search for alternative natural antioxidants (Chalamaiah et al. 2012 ). However, whole waste (skin, frame, head, trimmings and viscera) of tilapia as such has not been studied for hydrolysate preparation and their properties. This approach would simplify and also ensure effective utilization of tilapia waste and could avoid the sorting line for different waste materials. The inclusion of visceral mass in the waste will hasten the spoilage/autolysis during storage. Generally, refrigerated or iced or frozen storage of raw material is practised prior to FPH preparation. However, changes in the properties of protein hydrolysates because of the storage period of raw material (fish waste) not reported frequently. Hence, in the present study, the effect of ice storage period of whole tilapia waste on antioxidant, functional properties (emulsifying and foaming) and amino acid composition of WTW protein hydrolysates was investigated. Pepsin was used as a hydrolysis enzyme which has the specificity towards hydrophobic amino acids (Elavarasan and Shamasundar 2016) .
Materials and methods

Raw material
Tilapia (Oreochromis niloticus) fish waste was collected from two local stations namely, Thoppumpady fish market, Cochin and ICAR-CIFT, Fish Processing Plant, Cochin, Kerala State, India and brought to the laboratory in iced condition at the ratio of 1:1(w/w). Fish waste collected be comprised of head, skin, trimmings, fins, frames and visceral waste. The collected fish waste was divided into three lots. One lot was used immediately to prepare the hydrolysates (FPH-0); the other two lots were stored at 4°C. Hydrolysates were prepared after 24 and 48 h of storage and were designated as FPH-1 and FPH-2.
Methods
Preparation of protein hydrolysates
Fish waste was rinsed in potable water briefly and chopped manually using a knife. The chopped whole tilapia waste was mixed with distilled water at a ratio of 1:2 and ground into paste using a household warring blender (MX-AC350, Super Mixer Grinder, Panasonic, Panasonic Appliances India Co., Ltd, India). The homogenate obtained was adjusted to pH 2.5 using 2 M HCl. Homogenate was preincubated at 37°C for 5 min to attain the temperature equilibrium with occasional stirring. Hydrolysis reaction was initiated by adding pepsin (from porcine gastric mucosa, powder, C 250 units/mg solid, from SigmaAldrich, MO, USA) at an enzyme to substrate ratio of 1% (w/w). Hydrolysis was carried out at 37°C for 3 h and the reaction was terminated by heating the mixture in a boiling water bath (Julabo TW20, Germany) for 15 min. After cooling the mixture to room temperature, the pH was adjusted to 7 using 2M NaOH. The mixture was filtered through a muslin cloth and centrifuged (Thermo Fisher, HERAEUS MULTIFUGE 3SR
? , Germany) at 10,000 rpm for 15 min to remove the fine solids. The supernatant obtained was subjected to spray drying using a spray dryer (SM Scientech, SMST, India) . The inlet temperature, outlet temperature, and the feeding rate were 180, 80°C and 20 rpm, respectively. Spray dried hydrolysates were stored under desiccated conditions till further analyses were carried out.
Determination of in vitro antioxidant properties
DPPH free radical scavenging activity DPPH free radical scavenging activity of protein hydrolysates was evaluated as per the method described by Yen and Wu (1999) . Solutions of fish protein hydrolysates were prepared by dissolving them in double distilled water at 0.5, 1.0, 1.5, 2.0 and 2.5 mg/mL concentration. A known volume of 1.5 mL of each sample was added to 1.5 mL of 0.1 mM DPPH in 99.50% ethanol and the solution was mixed systematically in a high-speed vortex mixture. Then the sample was kept under the dark condition for 30 min at room temperature. The change in color as a result of radical scavenging was measured at 517 nm using double beam spectrophotometer (UV-VIS-1601 spectrophotometer, Shimadzu). Appropriate control was prepared using double distilled water and ethanol mixture. BHA and BHT were used as positive controls at different concentrations viz. 50, 100, 150, 200 and 250 ppm. DPPH radical scavenging activity was calculated using the following equation DPPH free radical-scavenging activity % ð Þ ¼ 1 À Abs sample Abs control Â 100
Further, the EC 50 (concentration required to exhibit 50% radical scavenging activity) value of different FPH preparations was calculated using linear regression analysis from the plot of DPPH free radical scavenging activity versus concentration.
Ferric reducing antioxidant power assay
The ferric reducing capacity of protein hydrolysates was assessed according to the method of Oyaiza (1986) . An aliquot of 1 mL sample (20, 30, 40 , 50 mg of hydrolysate/ mL) was thoroughly mixed with 2.5 mL of 0.2 M phosphate buffer (pH 6.6) and 2.5 mL of 1% potassium ferricyanide. Then, the reaction mixture was incubated at 50°C for 30 min, which was followed by addition of 2.5 mL of 10% trichloroacetic acid. At the end, 2.5 mL of solution mixture was taken out and mixed with 2.5 mL of distilled water and 0.5 mL of 0.1% ferric chloride solution. The final reaction mixture was incubated for 10 min before recording the absorbance at 700 nm using spectrophotometer (UV-VIS-1601 spectrophotometer, Shimadzu, Japan). BHA and BHT at different concentrations (50, 100, 150, 200, 250 ppm) were used as positive controls. Results are expressed as absorbance at 700 nm. Higher the absorbance at 700 nm indicates higher ferric reducing power.
Linoleic acid peroxidation inhibition activity
Linoleic acid peroxidation inhibition activity of fish protein hydrolysates was determined according to the method of Osawa and Namiki (1985) . Accurately 400 mg of protein hydrolysates were weighed and dissolved in 10 mL of 50 mM phosphate buffer (pH 7.0), then 0.13 mL of linoleic acid and 10 mL of 95% ethanol were added to the solution and made up to to 25 mL with distilled water. The solution mixture was incubated at 40 ± 1°C for 5 days in a hot-air oven (dark room conditions were maintained by covering the assay tubes with aluminium foil and thick paper). An aliquot of 0.1 mL of the reaction mixture was pipetted out and mixed with 4.7 mL ethanol (75% v/v) followed by 0.1 mL of ammonium thiocyanate (30% w/v) and 0.1 mL ferrous chloride solution (20 mM prepared in 3.5% HCl).
After incubating for 3 min, the color developed was measured at 500 nm using a spectrophotometer. The natural antioxidant, a-tocopherol, was used as the internal standard. The capacity to inhibit the peroxide formation in linoleic acid was calculated as follows:
DNA nicking assay DNA nicking assay was performed using pCRII TM TOPO plasmid (Sigma, Invitro-gen) by the method of Lee et al. (2002) . FPH samples were dissolved in deionized distilled water at a concentration of 2 mg/mL. FPH solution was mixed with plasmid DNA (0.5 lg/well) and incubated for 10 min at room temperature. After incubation, 10 lL of Fenton's reagent was added. Further, the reaction mixture was incubated at 37°C for 35 min. An aliquot of 10 lL of sample was loaded onto 1% (w/v) agarose gel to assess the impairment of plasmid DNA (Jemil et al. 2014 ).
SDS-polyacrylamide gel electrophoresis (SDS-PAGE)
Peptides present in the hydrolysates were profiled using sodium dodecyl sulphate-polyacrylamide gel electrophoresis (SDS-PAGE) techniques. SDS-PAGE was performed according to the method described by Laemmli (1970) . Spray dried FPH samples (50 mg mL -1 ) were dissolved in 1 mL of SDS (5%) solution. Proteins were extracted by incubating the mixture in a boiling water bath for 30 min.
Solubilized samples of FPH were mixed at 1:1 (v/v) ratio with the sample buffer containing 0.5 M Tris-HCl, pH 6.8, 4% SDS, 20% glycerol and 10% b-mercapethanol. The mixture was heat treated in a boiling water bath for 2 min before loading the sample. An aliquot of 10 lL of samples were loaded onto polyacrylamide gel. The concentration of separating and stacking gels were 12.5 and 5%, respectively.
Electrophoresis was carried out at a constant voltage of 90 V using a Mini-Protein II unit (Bio-Rad Laboratories, Inc., Richmond, CA, USA). At the end of the run, gels were removed carefully and stained in Coomassie Blue G-250 (0.05% (w/v)) prepared in 7.5% (v/v) acetic acid and destained with 7.5% (v/v) acetic acid. A wide-range protein molecular weight marker (Thermo Scientific Pierce unstained protein molecular weight marker, 116-14.4 kDa) was used to determine the approximate molecular weight of FPH samples.
Amino acids analysis
Amino acid composition of protein hydrolysate samples was determined after hydrolyzing with acid and derivatization with O-phthalaldehyde according to the method of Ishida et al. (1981) . Shimadzu chromatograph LC-10AT VP high-performance liquid chromatography (HPLC) equipped with quaternary pump, 20 lL injection valve, ion exchange column and a fluorescence detector, was used. The separation of the amino acid mixture in the column was achieved using mobile phase A (sodium citrate and ethanol with pH 3.5) and B (sodium citrate and NaOH with pH 9.8). The elution was carried at a fixed flow rate of 0.4 ml/min, while the column temperature was maintained at 60°C. The amino acids were identified and quantified by comparison of their retention times and area under the curve with those of standards (Sigma). The results were expressed in terms of g of amino acid/kg of protein hydrolysates.
Chemical score of FPHs and indispensable amino acid index (IAAI)
Indispensable Amino Acid Index (IAAI) and Chemical scores of FPH preparations from tilapia whole waste were assessed according to the method of Hardy and Barrows (2002) . IAAI is calculated as the ratio of the indispensable amino acid in the protein hydrolysate (PH) to the indispensable amino acids in whole egg protein (WEP) as follows:
Chemical scores were calculated using the following equation:
Chemical score ¼ EAA in test protein ðg=kgÞ Essential amino acid in whole egg protein ðg=kgÞ Â 100
Determination of functional properties
Emulsifying properties
Emulsifying properties were estimated as per the method given by Pearce and Kinsella (1978) . Initially, 30 mL of 1% FPH solution was mixed with 10 mL of vegetable oil. The solution was pre-sheared at 9000 rpm for 30 s and the homogenization was continued at 20,000 rpm for 1 min in a high-speed homogenizer. An aliquot of 50 lL emulsion was pipetted out from the bottom of the container at different time interval (0 and 10 min) and mixed with 5 mL of 0.1% SDS (sodium dodecyl sulfate) solution. The resultant mixture was briefly vortexed and the turbidity was measured at 500 nm using a spectrophotometer. Both emulsion activity index (EAI) and emulsion stability index (ESI) were calculated as follows
303 Â Abs 500 nm 0:25 Â protein concentration Â 10; 000 where, A 500 is an absorbance at 500 nm; l is path length; U is oil volume fraction (0.25), and C is protein concentration.
ESI min
where, DA = A 0 -A 10 and D t = 10 min
Foaming properties
Foaming capacity and stability of fish protein hydrolysates were assessed according to the method of Sathe and Salunkhe (1981) . An aliquot of 20 mL of FPH solution (0.5%) was subjected to whipping at a speed of 14,000 rpm for 2 min at room temperature in a high-speed homogenizer (Bio-Gen PRO200/PRO250 Homogenizer, PRO Scientific Inc, USA) to incorporate the air. The whipped sample was transferred to a graduated measuring cylinder. The volume before whipping and after whipping was recorded. Foaming capacity was calculated using the following equation:
Foaming capacity % ð Þ ¼ Volume after whipping À Volume before whipping Volume before whipping Â 100
Foams were allowed to stand at room temperature for 30 min and final volume was recorded. Using the following equation, the foame stability was calculated.
Foame stability % ð Þ ¼ Volume after stability À Volume before whipping Volume before whipping Â 100
Statistical analysis
All experiments were carried out in triplicates. Homogeneity of variance was tested using ANOVA to know the existence of significant difference between the treatments. Significance between mean values of different samples was estimated by Duncan's multiple range test using a statistical software (SPSS Version 16).
Results and discussion
In the present study, pepsin enzyme was applied to convert the whole tilapia waste into protein hydrolysate. The raw material i.e. whole tilapia waste was stored at iced condition (4 ± 2°C) for a different periods (0, 24 and 48 h). As utilization of fishery by-products are gaining importance, it is essential to study the effect of ice storage period of raw material on the properties of the end product. Whole tilapia waste protein hydrolysates prepared were evaluated for changes in amino acid composition, antioxidant activity, and functional properties in order to validate the potential of whole tilapia waste protein hydrolysates as an ingredient in animal feed and in functional food formulations.
Antioxidant properties
DPPH free radical scavenging activity DPPH free radical scavenging activity of FPH was tested at different concentrations viz. 0.5, 1.0, 1.5, 2.0 and 2.5 mg/ mL and the results are presented in Table 1 . The EC 50 value (the concentration at which 50% of the initial radicals scavenged) of FPH-0, FPH-1, and FPH-2 were 1.349, 2.062 and 2.067 mg/mL, respectively. The lower EC 50 value indicates higher radical scavenging potential. The DPPH free radical scavenging activities of all the FPH were dose dependent. FPH prepared from the fresh sample (FPH-0) exhibited higher radical scavenging activity compared to the FPH prepared after 24 (FPH-1) and 48 h (FPH-2) of ice storage. This could be due to the difference in the sequence of peptides released from fresh and ice stored samples. In the present study, it is also evidenced by the SDS-PAGE pattern that the ice stored samples underwent more hydrolysis and released smaller peptides compared to the fresh samples. In addition, amino acid composition of FPH from fresh sample was found to have more Tyr, Phe, His, Lys and Arg and these amino acids have been well correlated to the higher radical scavenging activity (You et al. 2010 ). There exists a lack of consensus on the size of the peptides and the corresponding antioxidant activity in the reported studies. Some studies have confirmed that the smaller peptides have higher antioxidant potential whereas others have reported lower activity for the smaller peptides (Ajibola et al. 2011; Girgih et al. 2011) . However, synthetic antioxidants such as BHA and BHT showed higher radical scavenging activity compared to FPH samples. Similar findings with reference to concentration have been reported (Ktari et al. 2012; Nasri et al. 2013) . Results clearly indicated that all the FPH containing a mixture of peptides have the ability to transfer electrons and could be effectively used to terminate the free radicalinduced chain reaction in oxidation process.
Ferric reducing antioxidant power (FRAP)
Ferric reducing antioxidant power (FRAP) of FPH samples were evaluated at different concentration ranging from 20 to 50 mg/mL with the interval of 10 mg/mL and the results are depicted in Table 2 . Reducing power increased significantly with the increase in the concentration of hydrolysate in all three FPH preparations (FPH-0, FPH-1, FPH-2). Among the FPH samples, FPH-0 showed better reducing power than the FPH-1 and FPH-2. FRAP is often used to measure the ability of fish protein hydrolysates to reduce the ferric ions to ferrous form (Khantaphant and Benjakul 2008) . Fish protein hydrolysates with higher reducing power have better abilities to donate the electrons. The reducing power of FPH samples was comparable with the synthetic antioxidants such as BHA and BHT. Results obtained were in agreement with the published reports (Klompong et al. 2007 ; Elavarasan and Shamasundar 2016). The reducing power of FPH could be used to reduce DNA damage, mutagenesis, carcinogenesis, and inhibition of pathogenic bacterial growth (Gulcin et al. 2010) .
Linoleic acid peroxidation inhibition activity
Linoleic acid peroxidation inhibition (LAPI) activity of FPH was tested at a single concentration (40 mg/mL). The natural antioxidant, a-Tocopherol (200 ppm) was used as a positive control. Results are presented in Table 2 . FPH-0 had a higher inhibitory effect (55.49) towards lipid peroxidation than the FPH-1 (43.57%) and FPH-2 (43.65%). However, a-tocopherol had higher lipid peroxidation inhibitory activity than FPH samples. Oxidation in any food product will adversely affect the sensory and nutritional quality. In the past, reports have shown that protein hydrolysates have the ability to act as antioxidants against lipid peroxidation (Elavarasan et al. 2014) . Results of the present study clearly add to the evidence that the storage period has negative effect on the antioxidant properties of FPH. The nature of enzyme used, the state of raw material, the sequence of the parent protein, the extent of hydrolysis and hydrolysis conditions and drying method could influence the properties of peptides released including antioxidant properties. In addition, molecular size, amino acid sequence and composition, charge of peptides, steric properties of peptides and the drying method could also play a major role in dictating the antioxidant properties of FPH (Tang et al.2013; Elavarasan and Shamasundar 2016) .
DNA protective property
DNA nicking assay was performed to assess the protective effect of FPH against DNA damage and the result is presented in Fig. 1a . Overall, FPH preparations from tilapia whole waste showed a strong protective effect against hydroxyl radicals produced by Fenton's reaction. Lane 1 (positive control) showed a sharp and intense band of supercoiled DNA and there was no sign of DNA damage indicating the intactness. Lane 2 (negative control) where the DNA was incubated with Fenton's reagent comprises of hydrogen peroxide and ferric chloride showed a complete degradation of supercoiled DNA. This indicates that the hydroxyl radicals nicked the DNA severely (Klompong et al. 2009 ). The increasing sharpness of supercoiled DNA band in Lanes 3, 4 and 5 clearly present the evidence that the peptides present in the FPH prepared from whole tilapia waste scavenged the hydroxyl radicals or chelated the Fe 2?
and protected the DNA from damage. From the results obtained, it could be inferred that during storage of whole tilapia waste, there could be a chance of generation of new peptides through endogenous enzyme action in addition to the peptides formed during in vitro hydrolysis by pepsin. The ice-stored samples being more susceptible to hydrolysis by pepsin resulted in the formation of more of low molecular weight peptides. This assumption is also supported by the SDS-PAGE patterns of whole tilapia waste protein hydrolysates prepared at different time interval of ice stored whole tilapia waste.
SDS-PAGE of whole tilapia waste protein hydrolysates
Peptides present in different FPH preparations of tilapia waste were profiled using SDS-PAGE technique and is presented in Fig. 1b . FPH-0 had multiple peptides with molecular weight ranging from 116 to \ 14.4 kDa (Lane 1). The high molecular weight peptides in FPH disappeared when the storage period of raw material increased. In other words, the peptides formed in FPH-1 and FPH-2 were largely of low molecular weight peptides with the molecular weight of \ 18.4 kDa. It could be speculated that high molecular weight peptides in the parent protein might have been degraded initially by endogenous enzymes and peptides formed further might have been more vulnerable to proteolysis by pepsin. The study opens a novel idea that if fish waste proteins were digested initially by the process of autolysis and subsequently hydrolysed by digestive proteases-like pepsin, it would result in a higher extent of hydrolysis. The peptides formed could mainly be sourced to the proteins like myosin, actin, troponin, tropomyosin and collagen for the reason that the fish waste like head, frames, fins, skin and viscera are mainly comprised of these proteins.
Amino acid composition
Amino acid profiles of FPH-0, FPH-1, and FPH-2 are presented in Table 3 . Amino acid content was compared with the amino acid profile of fish meal and soybean meal (retrieved from the literature). In general, FPH preparations have free amino acids and short chain peptides. Amino acid profile is more important to understand their nutritional properties and also related to their functional characteristics and nutraceutical value of FPH (Chalamaiah et al. 2012) . Total amino acids (TAA), total essential amino acids (TEAA) and total hydrophobic amino acids (THBAA) in FPH increased with storage period of raw material. Similarly, the ratio of THAA/TAA and TEAA/ TAA also increased. Glycine was the abundant amino acid while cysteine was the limiting amino acid in all the FPH preparations. It is worthy to mention that the visceral tissue, bone, and skin are rich in collagen which contains about 33% glycine (Hema et al. 2014) . Among the essential amino acids, arginine content was the highest in FPH-0, whereas leucine was the highest in the case of FPH-1 and FPH-2. Results indicated that the pattern of releasing of peptides from protein differed with the ice storage period of raw material. Amino acids such as tyrosine, phenylalanine, histidine, lysine and arginine were higher in FPH-0 compared to FPH-1 and FPH-2. It has been reported that the presence of hydrophobic amino acids and one or more residues of histidine, proline, methionine, cysteine, tyrosine, tryptophan and phenylalanine could improve the antioxidant activity of peptides present in FPH (You et al. 2010) . Chemical score and indispensable amino acid index of FPH indicate their nutritional quality. In the present investigation, the chemical score of all the FPH preparation indicated that the hydrolysates obtained were better than the fishmeal and soybean meal (Table 4 ). This confirmed that the FPH preparation can be used as a source of highquality proteins particularly in animal feed formulations.
Functional properties
Emulsifying properties
Emulsifying activity index (EAI) and emulsion stability index (ESI) of FPH preparations were determined and the results are presented in Fig. 2a, b . FPH-0, FPH-1, and FPH-2 differed significantly in EAI and ESI (p \ 0.05). Among the FPH preparations, the highest EAI and ESI were recorded for FPH-2. This could be due to the formation of low molecular weight peptides in the ice stored samples used for hydrolysis reaction. The state of raw material used for hydrolysis plays a major role in dictating the properties of the hydrolysates. Structures of native proteins are expected to be altered upon storage at low temperature that in turn could affect the exposure of susceptible sites for the enzyme activity. On the other hand, one cannot rule out the possibilities of formation of peptides due to the action of endogenous enzymes in ice stored raw material. Further, the low EAI of FPH prepared from fresh fish waste (FPH-0) could be due to the inability of large molecular weight peptides to reduce the interfacial tension at the oil-water interface. Rahali et al. (2000) have reported that amino acid sequence plays a vital role at the oil-water interface. In addition to the peptide chain length, the ratio of hydrophilicity to hydrophobicity is more important for exhibiting superior emulsion properties. Further, Kato et al. (1985) have stated that flexibility of peptides also plays a decisive role in influencing the emulsifying properties. The results of the present study are comparable with the reported studies (Klompong et al. 2007; Elavarasan et al. 2014) .
Foaming properties
Foaming properties of FPH preparations are presented in Fig. 2c, d . FPH-0 had significantly higher foaming capacity (94.61%) than FPH-1 (76.36%) and FPH-2 (86.20%). Foam is an immiscible system in which water is the continuous phase and air is the discontinuous phase. Substances which have the ability to reduce the interfacial tension at air-water interface form foams. Foaming stability was found to be higher in FPH-2 (66.15%) compared to FPH-0 (60.79%) and FPH-1 (58.36%). The surface tension at the air-water interface is lowered by the proteins/peptides which leads to the formation of a stable foam (Surowka and Fik 1992) . Generally, foam formation follows three major steps, transportation, penetration and restructuring of the molecules at the air-water interface (Klompong et al. 2007 ). In addition, Mutilangi et al. (1996) have reported that foaming stability of compounds mainly depend on the protein-protein interaction within the matrix. In the present study, there is no direct relationship between the aging of the sample (storage period of raw material) and foaming properties of FPH. From the results, it could be inferred that the foaming capacity is favored by the presence of large molecular weight peptides in the FPH while that of the foaming stability is favored by relatively low molecular weight peptides. This postulate is also supported by the peptide profile of FPH preparations as revealed by SDS-PAGE analysis.
Conclusion
Manipulating protein hydrolysis process with reference to intended use of end products necessitates having better understanding of the properties of protein hydrolysate as influenced by pre-processing preservation methods like ice storage. In the present study, fish protein hydrolysates were prepared from 0 (FPH-0), 24 (FPH-1) and 48 h (FPH-2) old ice stored whole tilapia waste. FPH-0 had higher antioxidant and foaming capacity, whereas, FPH-1 and FPH-2 samples had better emulsifying properties and foaming stability. Amino acid analysis, chemical score and indispensable amino acid index of FPH samples clearly showed that the fish protein hydrolysates from whole tilapia waste were nutritionally superior. As the hydrolysate samples possessed antioxidant, functional and also high nutritional value, it is proposed to find its application in animal feed industry as a bio-functional protein ingredient. There is also an ample scope for the whole tilapia waste protein hydrolysate to be used as a nutraceutical ingredient in health food formulations. The conversion of whole tilapia waste into protein hydrolysates through a biochemical process like protein hydrolysis using exogenous enzymes paves the way for better and maximum utilization of tilapia fish co-products resulting in higher returns to the processor and also help to achieve the sustainability in fish processing sector.
